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One  specific  point  is  CEECs’  high  dependence  on  low‐technology  sectors  characterized  by 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and  Soete  (1980).  To  some  extent,  pure  neoclassical  trade  theory  finds  some  difficulties  in 
explaining trade flows, by assuming homogenous technologies among countries. Fagerberg (1994) 
criticized  this  assumption,  finding  strong  evidence  in  favour  of  patterns  of  trade  essentially 
determined by technology gaps, as in earlier contributions from Vernon (1966, 1970) to Kaldor 
(1963) and the post‐Keynesian tradition. More recently, Hakura (2001) empirically showed the 









followed  major  contributions  on  the  existence  of  technologically  revealed  comparative 




role  of  technological  innovation  in  the  gravity  equation.  A  dynamic  panel  approach  has  been 






technological  capabilities  of  CEECs  as  one  of  the  leading  factors  fostering  the  economic   3 
performance of these transition economies. Furthermore, gravity models assessing sector‐specific 
trade patterns related to the enlargement process are rather rare in general, (Baldwin et al. 2005 




























facilitating  the  transfer  of  knowledge  and  technology.  According  to  Grossman  and  Helpman 
(1991),  many  of  the  interactions  in  the  global  economy  generate  forces  that  may  accelerate 
growth,  such  as  the  exchange  of  technical  information  and,  more  generally,  the  diffusion  of 




and  apart  from  any  scale  effect,  trade  may  prevent  duplication  in  research  and  promote 
differentiation  of  innovations.  According  to  Rivera‐Batiz  and  Romer  (1991),  international 
specialisation matters for growth because the pattern of foreign trade enhances productivity and 
consequently affects economic performance. Countries whose foreign trade structures are more 









empirical  contributions  by  Lall  et  al.  (2006),  Rodrik  (2006),  and  Hausmann  et  al.  (2007),  the 
empirical evidence reveals a strong impact on economic growth performance related not only to 









investigate  the  effect  of  trade  specialization  (in  relation  to  all  other  countries)  in  specific 
industries, finding empirical evidence for the impact of trade specialization on growth. Amable 










analysed  by  Eaton  and  Kortum  (2002),  who  have  clearly  shown  that  countries’  relative 
productivities vary substantially across industries, so that in a model of international trade based 
on  differences  in  technology,  sector  technological  specialization  affects  export  dynamics  and, 
consequently,  economic  growth  performance.  Empirical  evidence  on  the  role  of  international 
technological  differences  in  explaining  the  failure  of  the  HOV  model  specifically  for  European 
countries  is  also  provided  by  Hakura  (2001).  Moreover,  the  interpretation  of  the  role  of 




















barriers  to  the  flow  of  knowledge,  regarding  both  increased  FDI  inflows  and  improved  legal 
protection of property rights. Some evidence on the positive impact of technological innovation on 





Nonetheless,  these  two  papers  both  provide  empirical  evidence  of  the  positive  role  of  the 










during  this  time  span  the  export  performance  of  CEECs  was  much  higher  than  for  the  EU15 



















a  large  consensus  about  a  positive  correlation  between  FDI  and  economic  growth,  mainly 












































potential  impact  related  to  previous  high  tariff  profiles.  In  an  early  report  of  the  European 
Commission (EC, 2002),
2 this aspect was particularly stressed, underlining the differences among 




changes  in  trade  composition  by  partners/grouping  in  the  agri‐food  sector,  though  CEECs  are 
better able to improve their competitive position in trade with all trade groups. 












































easily  estimated  and  helps  to  solve  the  so‐called  border  puzzle.  According  to  these  authors, 
multilateral  trade  resistance  terms  (MRTs)  should  be  added  into  the  empirical  estimation  to 
correctly estimate the theoretical gravity model. A simple and intuitive way to do this in cross‐



















Recent  econometric  advancements  have  addressed  another  crucial  problem  related  to  the 
existence of a large number of zero trade flow values, which may produce significant biases in the 





case,  this  induces  selection  bias.  Very  broadly,  recent  contributions  have  proposed  two  main 
alternative solutions. 
The first consists of the adoption of a non‐linear estimator, such as the Poisson‐Pseudo Maximum 














to  neglecting  the  impact  of  firms’  heterogeneity.  In  particular,  Heckman’s  two‐step  sample‐

































founded  gravity  model,  making  it  possible  to  use  endogenous  variables  and  correct  for 






Some  specific  characteristics  of  our  panel  dataset  justify  the  econometric  strategy  we  have 
adopted. Very broadly, trade flows in our dataset include many zero values, especially for CEECs 













                                                 
5 It is true that increasing investments in innovation leads to improvement in production capacity and, in the medium‐
term. in export competitiveness. But it is also true that those sectors which are characterized by a greater degree of 
















































































larger  the  overall  economic  space.  We  have  employed  a  synthetic  measure  of  the  impact  of 
                                                 






















  (6) 
 
This  HOV‐type  interpretation  stems  from  Bergstrand  (1985)  and  is  based  on  Kaldor’s  (1963) 
stylized facts. An increase in the capital‐labour ratio will increase GDP per capita. The importers’ 
GDP  per  capita  is  usually  interpreted  as  an  indicator  of  the  sophistication  of  demand  in  the 





















considered  several  ways  to  measure  technological  capabilities.  One  of  the  most  complete 
proposals in this sense is the contribution of Archibugi and Coco (2004), with their ARCO index. 
We have built the tecdisijt index by using an ARCO with only two out of the four components 






                                                 
















specific  features  of  exporting  countries  we  have  included  technology  in  an  original  way,  by 
computing a sector innovation capacity for country i. 

















                                                 
11 As we can see, the formulation of the ARCO index is based on the same methodology adopted for the Human 
Development Index (HDI), where the observed values are normalised by a minimum and maximum value. In this case 
the  minimum  value  is  always  equal  to  zero,  whereas  the  maximum  value  has  been  taken  in  the  whole  time 
period/countries sample considered in this work. This formulation gives us the possibility of accounting for temporal 
changes at country level as well as the methodology adopted by UNDP for the HDI. Following the UNDP methodology, 











count  approach,  because  there  is  convincing  empirical  evidence  that  cumulative  domestic 
innovation efforts are an important determinant of productivity and competitiveness (Coe and 
Helpman, 1995). 












































patents  offices,  we  assume  that  the  marginal  benefits  from  patenting  are  at  least  equal  to 
marginal cost, so that firms apply to EPO only for economically valuable inventions. 
The classification of patents data is taken from Schmoch et al. (2003) and Verspagen et al. (2004), 
referring  to  46  industrial  sectors,  classified  by  using  ISIC  Rev.3,  which  are  related  to  the 










Macro sector  Sector  ISIC Rev. 3  NACE  PATENTS FIELD* 
1. Aircraft and spacecraft  353  35.3  43 
2. Pharmaceuticals  2423  24.4  13 
3. Office, accounting and computing machinery  30  30  28 




5. Medical, precision and optical instruments  33  33  37‐38‐39‐40‐41 
6. Electrical machinery and apparatus  31  31  29‐30‐31‐32‐33 
7. Motor vehicles, trailers and semi‐trailers  34  34  42 
8. Chemicals excluding pharmaceuticals  24 excl. 2423  24 excl. 24.4  10‐11‐12‐14‐15‐16 





10. Machinery and equipment, others  29  29  21‐22‐23‐24‐25‐26‐27 
11. Building and repairing of ships and boats  351  35.1  45 
12. Rubber and plastics products  25  25  17 
13. Coke, refined petroleum products and nuclear fuel  23  23  09 





15. Basic metals and fabricated metal products  27‐28  27‐28  19‐20 
16. Manufacturing, others; Recycling  36  36  46 
17. Wood, pulp, paper, paper products, printing and publishing  20‐21‐22  20‐21‐22  06‐07‐08 






















proxy  it  with  the  value  of  ARCOj.  A  sector  specific  dimension  would  be  somewhat  better  for 
representing this aspect, but available data is scarce for patents in several j countries. At the same 
time,  including  a  specific  structural  variable  related  only  to  exporting  countries  as   
without  shaping  the  same  dimension  for  the  importing  partners  may  produce  a  substantial 
overestimation of the impact of technological innovation, reducing the intrinsic characteristics of 
gravity models representing bilateral features. The best proxy of the stock of knowledge would be 
R&D  efforts  as  percentage  of  GDP,  but  patents  data  are  also  missing  for  several  importing 
countries. 
















‘announcement  effect’  of  the  entrance  of  the  eight  new  member  countries  into  the  EU  (De 
























































































Export(t‐1)    0.726***  0.332***  0.742***  0.616***  0.497***  0.519*** 
    (159.74)  (59.51)  (181.27)  (22.97)  (15.15)  (19.73) 
Export(t‐2)          0.132***  0.167***  0.192*** 
          (5.55)  (6.16)  (8.74) 
Colonial relationship  0.996***  0.246***  1.522**  ‐0.170  0.017  ‐10.802***  ‐0.791 
  (10.08)  (8.88)  (2.22)  (‐0.44)  (0.04)  (‐4.35)***  (‐0.39) 
Common border  ‐0.723***  ‐0.165***  1.781***  0.818***  ‐0.062  ‐11.537  ‐5.417 
  (‐4.72)  (‐3.91)  (6.03)  (8.25)  (‐0.22)  (‐0.88)  (‐1.32) 
Distance  ‐1.695***  ‐0.426***  0.829***  0.373***  ‐0.205  ‐0.368  ‐0.295** 
  (‐26.98)  (‐22.48)  (8.47)  (11.43)  (‐3.25)***  (‐0.77)  (‐1.99) 
Surface area j‐th  ‐0.259***  0.697***  0.097  0.334***  ‐0.305  0.050  0.004 
  (‐4.02)  (5.72)  (1.15)  (3.12)  (‐4.91)***  (0.35)  (0.06) 
Landlocked j‐th  ‐3.060***  0.269  ‐1.299**  ‐1.276***  ‐0.276  2.869***  0.040 
  (‐9.40)  (1.60)  (‐2.38)  (‐4.42)  (‐1.02)  (2.60)  (0.11) 
Common language  0.914***  0.264***      1.333     
  (8.33)  (8.61)      (1.20)     
Regulatory framework  0.095***  ‐0.124***      ‐0.021     
  (2.85)  (‐3.05)      (‐0.21)     
Firms heterogeneity      ‐0.779***  ‐0.440***    ‐2.263***  ‐0.595*** 
      (‐11.07)  (‐8.54)    (‐6.02)  (‐2.73) 
Inverse Mills ratio      0.003  ‐0.007    ‐0.133***  ‐0.023 
      (0.37)  (‐1.27)    (‐7.80)  (‐1.18) 
Mass  3.688***  1.789***  2.902***  1.517***  0.492***  0.223  0.415*** 
  (42.50)  (9.48)  (16.46)  (4.33)  (7.14)  (1.11)  (4.43) 
Similarity  1.658***  0.806***  1.353***  0.643***  ‐0.933  1.666  1.933* 
  (18.14)  (8.28)  (7.03)  (3.53)  (‐1.29)  (0.35)  (1.70) 
Relative endowment  ‐0.072  ‐0.046**  0.317**  0.047  ‐1.381**  0.336  0.992 
  (‐1.12)  (‐2.25)  (2.45)  (0.91)  (‐2.14)  (0.09)  (1.10) 
Enlargement  ‐0.141***  0.171***  ‐0.123***  0.218***  0.127***  0.014  0.110*** 
  (‐8.53)  (6.83)  (‐3.78)  (4.25)  (5.87)  (0.40)  (4.50) 
Stock of knowledge i‐th  0.366***  ‐0.514***  0.407***  ‐0.341  0.251***    0.395*** 
  (13.57)  (‐3.87)  (7.81)  (‐1.38)  (6.82)    (5.54) 
Stock of knowledge j‐th  ‐0.114***  ‐0.026**  ‐0.143***  ‐0.055***  0.002    ‐0.204*** 
  (‐14.98)  (‐2.57)  (‐9.44)  (‐3.01)  (0.08)    (‐3.62) 
Technological distance            ‐1.851***   
            (‐3.97   
Country i and j Fixed Effects    Yes  Yes  Yes  Yes  Yes  Yes 
Country‐pair Trend    Yes  Yes  Yes  Yes  Yes  Yes 
Year dummies    Yes  Yes  Yes  Yes  Yes  Yes 
               
No Obs.  26,969  24,048  28,143  25,281  23,718  25,405  25,405 
Adj R‐sq  0.89             
Wald test    446813.73  32849.15  236869.17       




(0.00)             
Hausman (Chi‐sq test) p‐
value in parenthesis    2648.14 
(0.00)           
σu    0  1.67  0       
σe    0.68  1.49  1.49       




rho    0  0.55  0       
AR (1) p‐value in parenthesis          ‐10.44 (0.00)  ‐14.09 (0.00)  ‐13.9 (0.00) 
AR (2) p‐value in parenthesis          0.11 (0.92)  0.02 (0.98)  ‐0.61 (0.54) 























we  are  also  interested  in  understanding  the  effects  of  the  enlargement  process  on  the 
composition of the export dynamics of European countries, and more importantly whether these 
effects appear to favour the new Member States, we have computed five distinct estimations for 













tech,  sectors  3  and  4  in  Table  3,  respectively).  To  some  extent,  we  can  state  that  firms’ 
heterogeneity plays a positive role in enhancing export capacity in mature sectors where product 
differentiation and demand‐driven consumption are more evident, and that the existence of many 
(medium‐small)  firms  leads  to  increasing  competitiveness  capacity  on  highly  disaggregated 
consumption paths. On the contrary, the existence of many heterogeneous firms reduces export 
competitiveness within technologically advanced sectors. This is more evident in the CEEC sample 
where  countries  are  much  more  differentiated  in  terms  of  industrial  concentration.  Where 
monopolistic  competition  is  more  relevant,  countries  with  higher  concentration  can  gain  in 
technological competitiveness, especially when economic resources are more constrained. It is   20 







  EXP‐TOT  EXP‐SEC 1  EXP‐SEC 2  EXP‐SEC 3  EXP‐SEC 4 
Export(t‐1)  0.541***  0.341***  0.359***  0.318***  0.427*** 
  (13.45)  (5.69)  (10.02)  (9.23)  (10.31) 
Export(t‐2)  0.247***  0.102***  0.131***  0.082***  0.218*** 
  (6.31)  (2.34)  (4.49)  (2.72)  (5.41) 
Colonial relationship  ‐6.172***  14.746*  0.471  43.622***  0.253 
  (‐5.09)  (1.76)  (0.18)  (3.84)  (0.13) 
Common border  ‐4.562  ‐18.494  ‐24.062**  11.051  ‐18.844*** 
  (‐1.48)  (‐0.51)  (‐2.25)  (1.54)  (‐3.26) 
Distance  ‐0.350***  ‐1.045  ‐0.829**  0.053  ‐0.743*** 
  (‐2.12)  (‐0.80)  (‐2.28)  (0.17)  (‐3.35) 
Surface area j‐th  0.091**  ‐0.020  ‐0.203**  0.110  ‐0.222* 
  (2.00)  (‐0.08)  (‐2.07)  (0.81)  (‐1.59) 
Landlocked j‐th  ‐0.029  1.294  0.354  ‐1.261*  0.425 
  (‐0.10)  (0.75)  (0.75)  (‐1.73)  (0.86) 
Mass  0.189**  0.043  0.402***  0.196*  0.653*** 
  (1.82)  (0.04)  (3.60)  (1.64)  (5.52) 
Similarity  ‐0.616  6.526**  1.141  6.388***  1.573* 
  (‐1.24)  (2.24)  (1.58)  (3.23)  (1.73) 
Relative endowment  ‐0.547  4.372*  0.204  3.991***  0.187 
  (‐1.35)  (1.74)  (0.33)  (2.49)  (0.25) 
Enlargement  ‐1.113  ‐0.119  ‐0.066  0.009  0.042 
  (‐0.50)  (‐1.11)  (‐1.06)  (0.12)  (0.67) 
Stock of knowl. i‐th  0.105***  1.027***  0.881***  0.994***  0.680*** 
  (2.26)  (10.30)  (5.25)  (12.78)  (9.12) 
Stock of knowl. j‐th  ‐0.055*  ‐0.146***  ‐0.237***  ‐0.181***  ‐0.035 
  (1.76)  (‐2.73)  (‐5.06)  (‐3.29)  (‐1.06) 
Firms heterogeneity  ‐0.782  0.746  ‐0.529  1.538***  3.276*** 
  (‐1.13)  (1.12)  (‐0.73)  (3.16)  (3.25) 
Inverse Mills ratio  ‐0.087***  0.008  ‐0.047*  ‐0.105***  ‐0.082*** 
  (‐3.66)  (0.32)  (‐1.42)  (‐3.62)  (‐2.50) 
Country Fixed Effects  Yes  Yes  Yes  Yes  Yes 
Country‐pair Trend  Yes  Yes  Yes  Yes  Yes 
Year dummies  Yes  Yes  Yes  Yes  Yes 
           











AR(1) p‐value in parenthesis  ‐5.6 (0.00)  ‐8.34 (0.00)  ‐8.48 (0.00)  ‐10.41 (0.00)  ‐6.98 (0.00) 
AR(2) p‐value in parenthesis  ‐0.2 (0.84)  ‐1.37 (0.17)  ‐0.72 (0.47)  ‐0.68 (0.49)  ‐0.9 (0.37) 



































a  positive  but  not  statistically  robust  coefficient.  For  relative  endowment,  we  find  positive 
coefficients corresponding to the same sectors where similarity is robust, except for low‐tech. 
Combining these two indications, our results can be interpreted as a clear sign of the greater 















It  is  also  interesting  to  note  that  the  highest  coefficient  for  CEECs  is  in  the  high‐tech  sector, 
meaning that the more stable institutional setting, combined with a larger flow of FDI inflows from 






exchange  of  intermediate  goods,  especially  for  those  sectors  characterized  by  market  power 






  EXP‐TOT  EXP‐SEC 1  EXP‐SEC 2  EXP‐SEC 3  EXP‐SEC 4 
Export(t‐1)  0.483***  0.441***  0.363***  0.432***  0.472*** 
  (16.40)  (15.33)  (11.06)  (12.30)  (16.43) 
Export(t‐2)  0.229***  0.146***  0.154***  0.147***  0.185*** 
  (8.42)  (5.44)  (4.68)  (4.33)  (6.81) 
Colonial relationship  ‐6.534  16.642  18.497  7.008  ‐4.899 
  (‐1.43)  (0.78)  (1.13)  (0.83)  (‐0.56) 
Common border  7.414  ‐1.265  ‐35.372  11.260  ‐11.298 
  (1.03)  (‐0.02)  (‐0.39)  (0.63)  (‐1.12) 
Distance  ‐0.502***  ‐0.212***  ‐0.134**  ‐0.537**  ‐0.222 
  (‐2.52)  (‐2.92)  (‐2.46)  (‐1.96)  (‐1.42) 
Surface area j‐th  0.438***  ‐0.061  ‐0.437  ‐0.033  ‐0.201 
  (2.78)  (‐0.26)  (‐1.23)  (‐0.13)  (‐0.86) 
Landlocked j‐th  ‐0.860  ‐1.146  0.563  ‐1.435  ‐0.213 
  (‐1.02)  (‐0.94)  (0.46)  (‐1.25)  (‐0.24) 
Mass  0.062  0.259***  0.825*  0.337***  0.271*** 
  (0.73)  (2.63)  (1.54)*  (3.06)  (2.59) 
Similarity  3.454  0.583  3.255  4.134  1.009** 
  (1.02)  (0.17)  (0.77)  (1.06)  (1.96)** 
Relative endowment  2.537  ‐0.348  0.623  2.788  0.593 
  (1.01)  (‐0.14)  (0.20)  (0.94)  (1.52) 
Enlargement  0.679***  0.531***  0.289***  0.180*  0.353*** 
  (8.81)  (4.61)  (2.92)  (1.67)  (3.81) 
Stock of knowl. i‐th  0.029  0.194**  1.104***  0.429***  0.017 
  (0.49)  (2.08)  (5.73)  (4.56)  (0.21) 
Stock of knowl. j‐th  ‐0.157**  ‐0.063  ‐0.247***  ‐0.076  0.001 
  (‐2.08)  (‐0.54)  (‐2.72)  (‐0.71)  (0.01) 
Firms heterogeneity  ‐0.812**  ‐0.431***  ‐0.397*  ‐1.019***  ‐0.225 
  (‐2.41)  (‐2.82)  (‐1.91)  (‐3.71)  (‐1.28) 
Inverse Mills ratio  ‐0.038  ‐0.095  ‐0.072  0.018  ‐0.161*** 
  (‐0.96)  (‐1.64)*  (‐0.62)  (0.29)  (‐3.47) 
Country Fixed Effects  Yes  Yes  Yes  Yes  Yes 
Country‐pair Trend  Yes  Yes  Yes  Yes  Yes 
Year dummies  Yes  Yes  Yes  Yes  Yes 
           
No Obs.  9,131  7,769  8,183  7,396  8,500 
F‐stat p‐value in parenthesis  3,032.66 (0.00)  1,092.35 (0.00)  795.37 (0.00)  900.80 (0.00)  1,575.12 (0.00) 
AR(1) p‐value in parenthesis  ‐11.62 (0.00)  ‐12.66 (0.00)  ‐11.52 (0.00)  ‐10.69 (0.00)  ‐11.99 (0.00) 
AR(2) p‐value in parenthesis  ‐1.81 (0.11)  ‐1.47 (0.14)  ‐1.5 (0.13)  ‐1.19 (0.24)  ‐0.78 (0.44) 















still  much  lower  than  in  the  EU15,  domestic  demand  is  not  sufficient  to  drive  technological 
innovation  and  production  specialization  in  highly  sophisticated  goods.  In  this  sense,  the 
enlargement  process  should  act  as  an  external  demand  factor  by  widening  the  destination 
market.
21 






especially  in  the  high‐tech  sector.
















In  this  paper  we  have  evaluated  the  export  performances  of  the  European  Union  during  the 
enlargement process by using a disaggregated analysis based on four macro‐sectors classified by 
technological content in a gravity model framework. 
We  have  developed  a  new  empirical  estimation  of  the  gravity  equation  for  export  flows  by 
specifically  including  the  role  of  technological  innovation  as  a  source  of  international 
competitiveness. Hence, we have classified IPC patent codes by aggregating them on the basis of 
the OECD Technology Concordance in order to compute the specific stock of knowledge for each 
                                                 
21 For a graphical representation of differences in results for CEECs and EU15 see Figure A3 in the Appendix. 
22 As stressed by Popp (2002), using patents weighted by the patent‐to‐R&D ratio, as an attempt to check for possible 






manufacturing  sector.  Next,  we  have  aggregated  data  for  distinct  industrial  sectors  into  four 
macro‐sectors, such as those analysed by the OECD Technology Scoreboard. 



























variables  not  on  the  total  export  flows  but  on  disaggregated  sectors  on  the  basis  of  their 
technological content. Our results put some evidence on the large importance of the similarity 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APPENDIX 
 
Figure A1 – Revealed Comparative Advantage (RCA Balassa Index) for CEECs and EU15 for macro‐sectors 1996‐2007 
 
   30 
Figure A2 – Distribution of the knowledge stocks (on patents) for CEECs and EU15 for macro‐sectors 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Figure A3 – Distribution of some coefficients by sectors, for CEECs and EU15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 